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ABSTRACT 
 
 
Metamaterial is a type of artificial structure that is not found in the nature. This structure 
has become an interest among many due to its extraordinary response to electromagnetic 
waves. The split ring resonator is an example of a metamaterial structure, which has the 
potential to improve the performances of components in microwaves without changing the 
materials or with additional radiators. First, the possibility to reduce the size of patch 
antenna while maintaining the acceptable performance at 2.4 GHz with various split ring 
resonator configurations studied. Next, the ability to produce multi bandwidth performance 
for Minkowski Island antenna with Minkowski Island split ring resonator had performed. 
The antenna had designed and simulated with Microwave CST software. Then, the 
proposed antenna had been fabricated and measured. Meanwhile, the Minkowski Island 
split ring resonator possessed the ability to reduce the overall physical size of Minkowski 
patch antenna up to 75.6 % compare with basic rectangular antenna.  Then, the Minkowski 
Island split ring resonator could create multiband resonant frequency at 2.4 GHz, 3.5 GHz, 
and 5.2 GHz for the Minkowski Island antenna with return loss of - 21.945 dB, - 17.154 
dB and - 16.536 dB with gain of 0.874 dB, 1.410 dB and 2.940 dB, respectively. Besides, 
the resonant frequency could also be controlled by using different combinations size and 
location of Minkowski Island split ring resonators. The overall size of the antenna still 
could be maintained although additional split ring resonators were used. Therefore, the 
multiband system with compact design can be realized to improve the mobility of wireless 
communication system devices. 
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ABSTRAK 
 
 
Metamaterial adalah struktur buatan yang tidak dapat ditemui secara semula jadi. 
Struktur ini menjadi subjek yang penting kerana ianya memberi kesan yang luar biasa 
terhadap sistem gelombang elektromagnet. Resonator cincin terbelah adalah contoh 
struktur metamaterial yang mempunyai potensi untuk meningkatkan prestasi komponen 
gelombang mikro tanpa mengubah bahan atau dengan menambah radiatornya. Pertama, 
kajian mengenai kemungkinan resonator cincin terbelah untuk mengurangkan saiz antena 
tampalan dengan mengekalkan prestasi yang boleh diterima pada 2.4 GHz dijalankan. 
Kemudian, kebolehan untuk penghasilan pelbagai lebarjalur untuk antena Minkowski 
Island menggunakan resonator cincin terbelah berbentuk Pulau Minkowski telah 
dilaksanakan. Antena ini direkabentuk dan disimulasikan dengan menggunakan perisian 
Microwave CST. Kemudian, antena yang dicadangkan itu difabrikasi dan diukur 
prestasinya. Selain itu, resonator cincin terbelah berkembar berbentuk Pulau Minkowski 
mampu untuk mengecilkan saiz fizikal keseluruhan antena Minkowski sehingga 75.6 % 
berbanding antena segi empat tepat biasa. Kemudian, resonator cincin terbelah berbentuk 
Pulau Minkowski boleh menghasilkan pelbagai jalur frekuensi resonan pada 2.4 GHz, 3.5 
GHz dan 5.2 GHz untuk antena Pulau Minkowski dengan kehilangan balik - 21.945 dB, - 
17.154 dB dan - 16.536 dB dan dengan kekuatan 0.874 dB, 1.410 dB dan 2.940 dB. Di 
samping itu, frekuensi resonan juga boleh dikawal dengan menggunakan kombinasi 
resonator cincin terbelah berbentuk Pulau Minkowski yang berbeza saiz dan lokasi. 
Ukuran keseluruhan antena masih dapat dikekalkan meskipun jumlah resonator cincin 
terbelah ditambah jumlahnya. Oleh itu, sistem pelbagai frekuensi dengan reka bentuk 
kompak dapat diwujudkan untuk meningkatkan mobiliti peranti sistem komunikasi tanpa 
wayar. 
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3.17 Microstrip patch antenna with different structures of S-SRR, (a) 
circular SRR, Design Antenna Pa1-i, (b) square SRR, Design 
Antenna Pa1-ii, (c) rhombic SRR, Design Antenna Pa1-iii, (d) spiral 
SRR, Design Antenna Pa1-iv,  (e) quadruple P-spiral SRR, Design 
Antenna Pa1-v,  and (f) Minkowski Island square SRR, Design 
Antenna Pa1-vi 
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3.18 Bow-tie microstrip patch antenna, Design Antenna Q,  (a) Front view 
of the bow-tie patch shape, and (b) side view with three layers of 
substrate and copper conductor 
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3.19 Bow-tie microstrip patch antenna with D-SRR, Design Antenna Q2-
ii, (a) front view of bow-tie patch shape, and (b) side view with three 
layers of substrate and copper conductor 
88 
3.20 The first iteration of Minkowski patch antenna, Design Antenna Ra, 89 
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(a) front view of Minkowski shape, and (b) side with three layers of 
substrate and copper conductor 
3.21 The second iteration of Minkowski patch antenna, Design Antenna 
Rb (a) front view of Minkowski shape, and (b) side with three layers 
of substrate and copper conductor 
90 
3.22 The second iteration Minkowski patch antenna with quadruple P-
spiral SRR structure, (a) Minkowski patch antenna with 1-N of 
quadruple P-spiral SRR, Design Antenna Rb1-v, (b) Minkowski 
patch antenna with 2-N of quadruple P-spiral SRR, Design Antenna 
Rb3-v and (c) Minkowski patch antenna with 3-N of quadruple P-
spiral SRR, Design Antenna Rb3-v 
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3.23 The Minkowski microstrip patch antenna, Design Antenna Sa, (a) 
front view of Minkowski Island shape, and (b) side with three layers 
of substrate and copper conductor 
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3.24 The Minkowski patch antenna with Minkowski Island SRR structure 
(a) front view of Minkowski Island shape with 4-N Minkowski Island 
SRR, Design Antenna Sb3-vi, (b) front view of Minkowski Island 
shape with 6-N Minkowski Island SRR, Design Antenna Sb3-vi, and 
(c) side with three layers of substrate and copper conductor 
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3.25 The Minkowski Island patch antenna with Minkowski Island SRR 
structure, Design Antenna Sb3-vi 
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3.26 
3.27 
 
The fabrication process of patch antenna 
Ultra Violet exposure process, (a) printed film using CorelDraw 
software), (b) Ultra Violet exposure machine  
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